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NAGT Crustal Evolution Education Project

. Edward C. Stoever, Jr.. Project Director
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Plate Boundaries-And
Earthquake Prediction

)
INTRODUCTION *ﬁ@##ﬁ%ﬁmgg@fm s s B e Baesai i e R

Some people wouldn't think of going outside each New theornes of plate tectonics have contributed
day until they have heard the weather prednctlon to research on earthquake prediction. Since
Don't you think 1t would be sensible for . most quakes on earth occur on or near plate
people to check for an earthquake prediction boundaries, the researchers have to understand
before they go to work or4ravel in an area? ; plate tectonics «

Scientists may be on the verge of predicting
certain kinds of earthquakes. Some correct
predictions have already taken place. To make
correct earthquake predictions become a regular .
reahity, scientists are making concentrated
research efforts.

Two general kinds of data useful for prediction are
the history of earthquakes and land movement

in an area, and/étrange events, C precursors,
that usually occur some time before an '
earthquake. P ,?

PREREQUISITE STUDENT BACKGROUND - M@%%%ﬁﬁ%mm#;%@%

It would be helpful for students to have some - . - . .
knowledge of earthquakes. Most of the data ) ‘
and relationships presented in this module are

based on the assumption of an active major fault

in which there is a constant build-up and

periodic release of strain. Students should be

familiar with the basic kinds of faults, "

especially strike-slip faults. Earthquake magni-

tude alsé should be explained before the

activity. The'important point is that magnitude on

the Richter scale does not intrease evenly from

one number to the next. Rather it is logarithmic

(each number designates a magnitude {en

times greater up the scale)recognizing that

higher magnitude earthquakes release a vastly

greater energy than those with low numbers.

OBJECTIVES = T e

" When you havercompleted these activities, you
should be able to )
1. Lotate and rt_elate plate poundaries and areas
having frequent earthquakes.
2. Explain how to use hjstorical seismic data
to predict earthquakes in an area. :
3. List three precursors and briefly explain how
they are used in earthquake prediction
‘4. Make an earthquake prediction based on
sifmulated data

MATERIALS :

None
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Earthquake prediction involves specifying the
time,Yplace and magnitude of ah individual
future event. All three of these parameters are
poorly known and are complicated by functions
of the relative mqtions of parts of the earth’s
crust and mantle, the rate of strain accumulation
in rocks and the stréngth of those rocks.

Even if the processes by which the energy is ,
%ccumulafed and released were completely
understood, the imprecise knowledgé of the initial
conditions, boundary conditions and relevant
material properties would make the prediction
of a particular seismic event very difficult.

Nevertheless, earthquake prediction has been

a research goal of some seismologists and other
geophysicists for about a decade. One approach
is to base predictions on studies that show

gaps in the seismic activity at a particular location.
1f. major earthquakes are periodic, then a long
sdismic gap may mean a recurrence is

likely or overdue at that place, But the main
thrust is the search for precursors, that is,
phenomena that occur in a characteristic way «
prior to an earthquake. Most of the research to
date has been empirical.

~

SUGGESTED APPROACH

. PART A requires some important teacher direction. |
In order. to keep student reading at a minimum,
the graphs, relationships and exercises in
PART A are presented here with no explanation.
Students are instructed to wait for your
direction. The following section, PROCEDURE,
explains the grdphs. The graphs were simplified
for student use so some of the original
formulas could be presented. The students are
expected to gain a basic understanding of
the relationship so they can read and logically
follow the graph.

If students seem to be understanding the various
relationships, they may not need much help

in synthesizing them to make thefr own
predictions in PART B. If some Students are
having difficbity, go through the first example
. with them.
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Recently, however, a physical model of processes
e?:eeding a seismic event has been successful

ity explaining and unifying a number of

independent observations. Although this theory,

known as “dilatancy,” is still being tested, it offers

hope that at least some earthquakes in some '

geological settings are predictable on the

basis of easily observable phenomena.

The setting of ‘an active fault, the San Andreas
Faull, will be used as an example in this module.
Plate boundary settings such”as this are

more useful for prediction than other locations
because strainsind movement are operating -«
constantly. Accurate prediction is still a .

goal for the future. ‘

n

SETEEEEE, o e R e T

An important point that should be strgssed from
the beginning Is that research and dz/eiopment
in this field is young. The graphs have been
simplified from research that?is currently
being argued and disputed. Some precursors under y
investigation today may prove invalid
tomorrow. Likewise, scientists, may have oyer-
looked the key to prediction thus far. In any case,
the intent is to expose students to a field of
endeavor that will experience rapid growth
and increasing importance in the next few years.
When the breakthroughs oceur, the students
who learn from this module will have a fuller r
understanding,

t
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PROCEDURE == - T
PART A’ Is it possible to predict earthquakes?
Students examine the relationships between .
earthquake magnitudes and recurrence ' ’ )
‘ intervals, diameter of uplifted areas and duration
. pf precursors. Students will also examine
‘the relationships between travel-time ratlos for
S- and P-waves and the occurrence of an . . . .
. earthquake. .. '

Key word: precursor ° ;
+ Time requifed: one 45-minute period . /
" Materials: none ’ :

Lok at Figure 1. This map has theusands of
earthquake centers'plotted as dots. These quakes, »
farge and small, happened over a six-year .
period Do ypu notice a pattern to these quakes? ‘ )
They seem to occur in dark bands or lines. It
1s no coincidence that thes& lines match the |
boundariés of major plates on the earth. , : 4

The highest numbers of quakes dccur in areas

where plates are bumping into or shding past one . T, -
another . %

Figure 1 A view of the, éarth‘s surface showing earthquake_igE)icénters from 1961-1967 (Modified from
+ A E Brotman, 1978, The onigin of metal deposits in the oceani¢ lithosphere Screntific American
.l: lKkl‘Ca“nd F Press, 1975, Earthquake predictiop. Scientific Arkerican.) * :
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Figure 2 shows the situation along the west coast
of the United States. Circle this area on the

map (Figure 1). Scientists from many fields are
studying and recording all the earthquake
activity in this area. One of the most active areas
1s the San Andreas Fault that runs up the

length of ‘California. (See Figure 2.) The land to
the west of the fault 1s shding porthwestward
in refation to the land to the east of the .

fault. This 1s one of the most active earthquake
areas in the United States The data presented
In this activity comes from the study of
earthquakes in this area While looking at the

~...graphs, keep in mind that there are argumenfs

among scientists in this field. Some of them
may even disagree as to the fruth of some of the

data presented
!
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The vertical scale of Figures 3, 4 and & does
not increase at an even rate It increases faster
as you go up the scale. - v

Look at Figure 3 and then walt until your teacher
explains this graph before you answer the
questaons i

PART A of this aétivity ig intended to acquaint
students with the basics of earthquake _ °,
prediction (Figures 1 and 2). Chegk to see, it
students have circled the line of quakes in the

‘western United Stateg. If they have seemn-this plot

in another activity, a quick reminder of the .
location of trenches, and ridge zones may be
heipful.

‘ ~
Make sure students realize that in Figure 3 the

- scale of years increases more rapidly.as you

read up it. This graph is a simplified diagram of a
great deal of statistical data for a specific
location. This relationship is only possible in"an
area that: (a) has historical earthquake data;

(b) is constantly monitored by seismofogists;

(c) lies near an active fault: and'(d) has a fairly
constant rate of strain.  ’ ’ .

N

A Y
This is an idealized graph. It shows the full release
of energy build-up in the given time period.
It does not take into account other forms of energy .
release betwaen quakes, such as creep and
tremors. This graph is~for a location that would
experience movement of 2 cm/year along
t{\e fault if the ground moved freely.

e actual relationship is believed-to follow the

_tdrmuia: .
Rx = — ! :
s-C v -
where Rx = recusrence intervalaTa point on the’
A3
fauit

0] d|5p|acement accompanying a quake
of given magnitude

s Iong term strain rate (he‘re assummg
average of 2 cm/year)
\ectomc creep.rate.. - v
.
. .
‘ . iRl 5
: ' . o
- -
’ L N
Al
LA
(X d x,
"
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1.71f there had been no earthquake in this area
for five years and then one occurred, what
might be its magnitude?

6 About 5.1 - ,
' 2. A quake of magnitude 4.0 just hdppened. How ..
many years has’it been since the last quake? . ‘

1 yea
ryer

3. People thought there would ée no ‘mare
quakes-at the-location here because there had
been none for 100 years. But, they were s¥Irprised

when one struck yesterday.-What might be the _ ’ s
magnitude of this killer quake?

74 *

4. Finish this statement. In an area along an
- active fault, the longer the time between quakes,

-~ the stronger the earthquake and the greater the ) ¢
magnitude. .
. ) 500
. | ’ ol - ’,
L VR
S . /
50 -
’ - v . 40 = '
. 3 .

20

=]
I
N

NOW AW
|

Recurrence interval ($ears)
-l
v
(o))
TTT

TTT TTTI
e

4 05

N\,

- Earthquake magnitude (Richter scale)
4
Figure 3. The graph shows the full release of |
energy build-up in the given time period.
k3
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Look at Figure 4 and waitfor ah explanation ) 5.- An earthquake with a magnitude of 4.5
from your teacher. \ occurred. If land was uplifted some time before the

' The model or theory known as dilatency is quake, what might=be the diameter of the uplift?

based on the idea tha} rock undergogs an inelastic 2km .
volume increase prior to failure. For'example, 6. Scientists In a cerjain area measured the ‘
chaniges in tilt, or bulging in the rock, is a . diameter of the area bulging up a féw years ago
precursor phenomenon. This is revealed by The bulge measured,80 km acros$. What s the

changing elevation of benchmarks or usinﬁ sensi- likely magnitude of the next quake? | .

tive titt meters. The size of the region of uplift 76 - ’

has been correlated with the magnitude of

the future earthquake. Japanese scientists have
suggested the reilation from which Figure 4 s .
was derived. )

M =196 logr - 4.45

M = magnitude; r = radius of uplifted area

H

-

7. Finish this statement The smaneq the area of
land uplifted, the smaller the magnitude of the
next quake. ) ) !

T TTTTT

T

Diameter of uphifted area (in kni)-
TTTIT

TTTTTITT,

T

N

1
3 4 5

Eartﬁquake magnitude (Richter scale)

]
anure 4 The graph shows the correlation between size of the region of uphft andi the magnhude{

future earthquake
EKC
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Look at Figures 5 and 6 and wait for an
expianation from your teacher.

The graph In Figure 6 was derlved from apparent
correlation between duratlon (not slze) of an
anomaly and the magnltude ot the future

event. In stating the relation, Kisslinger did not
limlt this relation to any particular precursor.

. The derived graph In Flgure 6 Is falrly simple

A\

for students to use. (If magnitulie Is first
determined from Figure-6 or Figure 4, the student
can go back to Figure 3 to flnd a llkely
recurrence interval.) Flgure 5 shows raw data
from an area in New York. Some sclentists have
detegmine_d that the ratlo of the. velocity of

. L

S-waves to the velocity of P-waves decreases prior
to earthquakes. (Once again, this method '

. could only work in an area where constant .
monltoring takes place.) Each mark on the graph
was the result of a shock wave,elther small
explosions or foreshocks, being sent through *
the rock In question. This lower veloclty Is
expiained by the dllatency model. When the land
Increases in volume, extra spaces open up which
would tend to slow waves traveling thrpugh

. the réck. Water fllls in the spaces prlor.to,

’ the quake, which would bring the wavé velocity,

.-back to normal. Make sure students draw a
smooth “best fit” line, to show the trend ‘of other
polnts, instead of trying to connect them.

- -

/
' T I I T~ . 1 v | |
. ~
[ J
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A 3 oo .0® --
2 e o hd P +
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z —
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Earthguake M - 26
~ ' r \
14 ] | ] . | | l I ]
29 30 31 i 2 3 4 5
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Figure 5 Trave!-ium,e ratios (tS/tP) for'the August 3, 1973, Blue Mountain Lake earthquake. :
predicted by Aggarwai and others.
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Look at Figure 6 as you answer the following.

“8. A certain precursor or unusual event lasted-for
about three months and then started to go

back tp normal. After the precursor returned to
normal, a quake struck. What might be its

?

maghnitude? |

4.7

The normal velocity of'waves through a rock had
bean unysual for a long while. Last week a
devastating guake occurred that had a magnitude
of 7.6. Your teacher explained that the points
plotted in Figure 5.are from a place in
New York. The normal value from the time of the
S-wave divided by the time for the P-wave
is about 1 75. Place your pencil on that value on
" July 29 The values refain the'same for a hittle. -
while and then decrease. With a smooth lige,
draw the approximate pattern for the decrease
and then return to normal some time later.

+

2

-

Then notice when the quaks occurs.

9. For how many days was the vaiue unusual?

3.5-4 day

NoW use Figure 6 to determine the magnitude of
the quake Write your answer both here and on
Figure 5 where it says M = _2.6

10. ¥tate the relationship between the duration
of a ‘precursor and the magnitude.

The longer a precursor lasts, the greater the
maghnitude of the subsequent earthquake.

. »

Fncure 6.

EKCI futur

[Aruten provided oy eric
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J
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Duration of precursor

he graph shows apparent correlation between duration of a precursor and the magmtude

earthquake.

3

years

mc'mtns

days

10

'

Another precursor is unusual animal behavior.

Eyewitness accounts of unusual animal
behavior preceding an earthquake have been
reported for centuries from all over the world.
.Studies of animal ‘behavior are d|ff|Cu}t to carry
olt. All animals wduld have to bé observed

*quakes.
Some of the behaviors are that cattle or horses

constantly for lpng periods of time in order to
decide what behavior is unusual.

The Chinese government has issued a list of

behaviors of animals before and during earth-

»

\

refuse to get into their corrals, rats run from their

hiding places, chickens fly into trees, pigs

- hreak out of their pens, ducks refusg to go to water,

dogs bark for no obvious reason, snakes come
out of their winter hibernation, pigeons are
frightened and will not return to their nests,
rabbits jump or crash into things, and fish

jump out of water as if frightened.
Animal behavror is the oldest recorded precursor

of earthquakes. The use qf unusual animal
behavior scientifically depends on careful
observation of normal behavior for that animal.
. Much-interesting research is beingzdone in this

“area using such diverse animals as chimpanzees

and cockroaches. Students ghould be told that
unusual animal behavior has been observed

for no more than 24-36 hours’ priqr to a quake and
at a distance of no more than 30 km from the
epicenter.

s

4
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Earthquake magmtude
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PART B. Can you predict an earthquake?
Students try.to make their own predictions based
on source-idealized data. Students should be
aware of the hypothetjcal nature of the data and
the predictions they will come up with.

They should be emcouraged to set out their data -
carefully and use more space than provided

if necessary.
Key wWords: none
Time required: one 45-minute period
Materials: none ' .

You are the director of an imaginary governmen
agency called the Bureau of Earthquake
Prediction. It 1s your job to analyze data and make
decisions. Your decision may affeCt the lives

of millions of people. Your prediction may cause
people to leave the area. They will be angry

if no earthquakes occur You may predict a small
quake, or one happenify some time in the
future. If you are wrong, many people may die
Good. luck! r—

For each of the three simulations do the following
1. Read the data given in the description.

2. Use the graphs or other information from
PART A to come up with various guesses

3. Roughly average the values and usiag your own
judgment, predict the magnitude of the
earthquake and e approximate range of time

.in the future you think 1t will happen.

Follow through the first example and fill in the
data The second and third examples may be - .
ddne using the same method, ot anotder, * ’
if you prefer

Shakeytown, California *

hésm?ms of Shakeytown are used to quakes by
now They have rebuilt the town a number of
times in the past. The last quake occurred

about a year ago Since-then there has been one
instance of mild tremoér People were awakened
last night by rabbits bumping into buuldmgs
That actlvaty has decreased today. Tilt

meters have indicated an uplifted area of about

5 km drameter What 1s your predictian?

. Data Layout
Category

Observation Implication
last quake 1 year M=4
any activity minor tremor will decrease M
animaj behavior | rabbits biimped earthquake in
. g into buildings 24-36 hours
uplifted grea 5 km diameter 3.2

e

- 7
/

P R
Now carefully consider all factors together and
write yoyr predigtions
Next quake may ocCunin
years).’

Its magnitude will be 3.4 _
Justification of prediction.

1-2 (daxs, minutes,

1

The animal behavior

‘means a quake will occur soon. Tremors will

decrease the strain build-up so the lpwer values of
magnitude wull probably be the case.

What action shquld you take? The following

are some of your aiternatives:

a. Notify local officials ta evacuate the people

b Notify local officials to secure homes.

c. Notify government agency for future action

d Suggest that existing structures be
strengthengd

e. Chané’é building code for next few years

f. Other (you specify)

Action- Notify local officials to secure homes
since there is little time. The quake will likely ~
be mild. ‘

Help studgnts go through this first example if they
are having trouble. They may wani to ‘use a
separate sheet of paper for data. If they can justify ,
their prediction, it jg not negessarily wrong.

You should decide ahead df time whether

you will announce the actual outcome of the

-

. }uake' It may be in the form: “Two days after the

rabbits stopped bumping into buildings, an
earthquake of magnitude 3.2 struck.” Have
students plscuss the results of taking the wrong

action. —

.

bt




Crackintheground Oregon

A few kilometers away from this town a large
crack opened up during a quake 10 years -

ago. Since this time there has been né seismic
activity Animals seem to be happy. For the

last thrgé years there has been a slight bulging of
the ground in an area measuring 20 km across
The town is growing rapidly and large offices
and apartments are béng built. What is your
prediction? (Hint. Don't use Figure 3 o
~unyjl yoy decide pn a mAgnitude.) ’

—

7

N - +- Data L'ayoht
) Ca?egory' Obsegrvation

Implication®

animal behavior ,/not unusuai “1qiake not
: imminent

uplift 20 km diameter {M =6.5,

duration of uplift[3 years . M~=6.8

using Figure 3 |35 years- quake in 25
forM: 66 < |10 years years

Next quake may occur in _25. (days, minutes,
years).

Its magnitude will be 6.4 , &
Justification of prediction Although there are’'no
precursor indications of an imminent earthquake,
a large future quake seems to be indicated by
pr"esem bulging. . s

Action. Notify government to change buulding
codes and start a program of strengthening
buildings. .

=Y

Q =
‘a\-
Muddywaters Calitornia
Last year you made a prediction for t.,people
.of this city based on your observations, At the "
time you noted that the veloc1ty of selsn’uc ¥ b

. waves.had been low for 2 years. The last quake

was 20 years ago, gnd you did not have time
to measure uplift because you predicted a 6.5

.magnitude quake td occur within a few weeks.

There was great confusion and many people left. =
A quake did strike.a few weeks'later but it .
wasonly M = 2.5 The people were angry. Now you
have measured uplift again and find the land

is still deformed over a diameter of 1 km.

What is your ngw prediction?

(Hlnt lay out yourdata for both pred”lctlons and-
consrﬁer them together.)

¢

Data .ayout

Category Observation Ir;JpI/cat/on

seismic velocity | 2 years M=65
low

last quake <20 years ago M-6

seismic activity | small quake will decrease
M=25. sext quake

1 km diameter M=38

I?:nd uplift

Next quake may occur in 1 (days, minutes,
years) 1 s

Its magnitude will be 4.0 oo,
Justification of prediction Since it was apparen{_
that a large amount of strain was building,

the release of energy during the 2.5 quake was not
enough.. New daté indicates that the rest of

the strain will be released within a year.

Action: Strengthen structures, etc.

Yiou may want to fabricate the actual outcomes
to these threg situations; pessibly deviate

from the implications of the data to show that
earthquake prediction is not infallible,

o




" SUMMARY ouesnons e e S AT

1. Where do most earthquakes occur on the

surface of the earth?

‘ .Along pIatL boundaries, especially where plates
. are colliding: ‘

2. In an area of an active fault, if earthquakes
occur regularty, what can you say about the
magnitude? . . )
It will be small because of the constant release
of strain. :

3, Explain a precUrsor and tell how to use it.

The students may choose to expldin any precursor
and explain how to use it.”

EXTENSION

You and your classmates may want totﬁnake up
- your own situations (not haphazardly,

using the graphs) and try to cdne up with an

accurate prednctIOn
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-

CEEP Modules are fisted here in alphabetical
order Each Module i1s designed for use I1n
the number of class periods indicated For
suggested sequences of CEEP Modules to .
cover spectfit topics and for correlation

of CEEP Modules to standard earth science
textbooks, consult Ward'’s descriptive
literature on CEEP The Catalog NUmbers
shown here:refer to the CLASS PACK

_of each Module consisting of a Teacher’s
Guide and 30 copies of the Student
investigation See Ward's descriptive
literature for aljernate order quantities

Copyright 1979 Except for the nghts to
mawn?s resarved by others the
publisher and the copynght owner hereby
frant permission without charge to
Aomestic persons of the U S and Canada
for yse of this Work and related materials
in the English language in the U S and
Canada after 1985 For conditions of use
and permission to use the Work ar any part
thereof for foreign pubhications or
pahlications in other than the English
tanquage apply to the copyright owner or
pubbsher

Aruitoxt provided by Eic:

{
Class CLASS.PACK '

CEEP Module

Periods Catalog No.

¢ A Sea-floor Mystery: Mapping 3
Polarity Reversals

¢ Continents And Ocean Basins: 3-5
Floaters And Sinkers , .

e Crustal Movement: A Major Force 2-3
In Evplution

¢ Deep Sea Trenches And Radloacﬂve
Waste

¢ Drifting Continents And Magnetic
Fields

¢ Drifting Cgntinents And Wandering
Poles .

¢ Earthquakes And Plate
Boundaries

e Fossils As Clues To Ancient
Continents

¢ Hot Spots'ln The Earth’s Crust

* How Do Continents Split Apart?

* How Do Scientists Decide Which 1s

-~ The Better Theory?

* How Does Heat Fiow Vary In The
Ocean Fjoor?

¢ How Fast Is The Ocean Floor
Moving?

¢ [celand: The Case Of The Splitting
Personality

¢ Imaginary Continents: A Geological 2
Puzzie

¢ Introduction To Lithospheric
Plate Boundaries ' X

* Lithospheric Plates And Ocean 2
Basm Topography

. Locating Active Plate Boundanes
By Earthquake Data

¢ Measuring Continental™Drift: The
Laser Ranging Experiment

¢ Microfossils, Sediments And
Sea-floor Spreading

¢ Movement Of The.Pacific Ocean -
Floor

¢ Plate Boundaries And Earthquake
Predictions

¢ Plotting The Shape Of The Ocean 2-3
Floor »

¢ Quake Estate (board game) v/3—

¢ Spreading Sea Floors And Fractured 2

2 Ridges.

¢ The Rise And Fali Of The Berlng
Land Bridge

¢ Tropics In Antarctica?

» Volcanoes: Where And Why?

¢ What Happens When Contlnents
Collide? .

¢ When A Piece Of A Continent
Breaks Off

* Which Way Is North?

¢ Why Does Sea Level Change?
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BTN~ .‘Student Irgve_stigation’

Plate Boundaries - .-
And Earthquoke Prediction
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INTRODUCTION - = o'- x= ooos o

Some people wouldn't think of going outSndé each
day until they have heard the weather pred;ct;on
Don't you think it would be sensible for
people to check for an earthquake prediction :
before they go to work or travel in an area”
Scientists may be on the verge of predicting
certain kinds of earthquakes. Some correct
dpred:ct{ons have already taken place To make
cotrect earthquake predictions become a regular
reahty, scientists are making concentrated .
research efforts

t
\.“‘“MMMMN’W'IY,' v resrm s il s

eIy

-

New theories of plate tectonics have contributed ’
to research on earthquake prednctnon Since

most quakes on earth occur on or near plate

boundanes the researchers have to understand

plate tectomcs. . N

1

Two general kinds of data useful for prediction are
the history of earthquakes and land movement . -
in an area, and strange events, called precursors,
that usually-occur some time before an

earthquake ,

P
-

OBJECTIVES e e e =z
When you have completed these actlvmes, you
- should be ableto  "-

1. Locate and relate plate boundaries and areas
having frequent earthquakes.

2. Explain how to use historical seismic data !

.

Q - to predict earthquakes in an area. . /

49} 3. List three precursors and briefly explain how /

~ they are used in earthquake predlctlon

o 4. Make an earthquake predlctnon based on .

N simulated data . .

QS ‘ .

Yy .

V> .
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’ \; . ‘
Q

ot
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PART A s it possible to preduct earthquakes'7
«Matenals none

LoOk at Figure 1. This map has thousands of
earthquake centers plotted as dots These quakes,
‘large and small, happened over a six-year
period Do yaqu notice a pattern to these quakes?
They seem to occur in dark bands or Iiv)c?s‘ It
1s no coincidence that these lines match the
boundaries of major plates on the earth

"f“[he highest numbers of quakes occur in areas
where plates are bumping into or sliding past one*
another.

Figure 1 A view of the earth’s surface showing earthquake epicenters from 1961-1967 (Modified from
A E Brotman, 1978, The ongin of metal deposits in"the oceanic iithosphere Screntific Amencan
and F Press 1975, Earthquake pred|ctaon Scientific American.)




Figure 2 shows_the situation along the west coast

of the United States Circle this area on the

map (Figure 1). Scientists from many fields are

studying and recording all the eafthquake
activity in this area. One of the most active areas
1s the San Andreas Fault that runs up the

length of California (See Figure 2.)-The land to
the west of the fault 1s shiding northwestward

in relation to the land to the 2ast of the

fault This 1s one of the mfost active earthquake

- areas 1n the United States. The data presented
in this activity comes from the study of
earthquakes in this area While looking at the
graphs, keep in mind that there are arguments
among scientists in this field Some of them
may even disagree as to the truth of some of the*
data presented :
~
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Figure 2 Index map of Californi# showing locdtion

of some major faults
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The vertical scal'e of thurgs 3.4 and'6 does
not increase at amfenven rate It° mcreases faster
ds, you go up the Gle

_LgdK at Figure 3 and then wait Until your teacher
ejplains this graph before you.answer the
q estnons . *

A

1. If there Héd been no ea‘rthquake In this area
for five years.and then one occurred, what
might be.its;magnitude?

N

o *

2. A quake of magnitude 4 0 just happened. How
many years has it been since the last quake?

3. People thought there would be no more
quakes at the location here becayse there had
been none for 100 years. But, they were surprised
when one struck yesterday. What might be the
magnitude of this killer quake?

4. Finish this statement In an area along an
active fault, the longer the time between quakes,
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Earthqudke magnitude (Richter scale)

Figure 3. The graph shows the full release of energy build-up In the gnven'tar'ne period.
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Look at Figure 4 and wait for an e%lanauon * 7 Fimsh this st'atefneﬁt The smaller the area of
from your teacher ) land uplifted,

A «

" 3

4

5. An earthquake with a magnitude of 45
occurred If land was uplifted some time before the e
quake, what might be the diameter of the uphft? -

N

6. Scientists in a certain area measured the  ° .
diameter of the area bulging up a few years ago
The bulge measured 80 km across What is the

hikely magnitude of the next quake? O 2
- b N
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Figure'4 The graph shows the correlation between size of the region of uplift and the magnitude
of a future earthquake. '




Look at Figures 5 and 6 and watt for an
explanation from your teacher.
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Figure 5 Travel-time ratios (tS/tP) for the August 3, 1973, Blue Moumam Lake earthquake,
predicted by Aggarwa! and others  * |

w
3

e vears

months

days

T'T

IS
T

n,
o
. [N
Duration of precursof
- N W =T
1 T |
-
.
ol \
.
Y
e
>

- : ’ 2 3 4 -5 6 7 8 !
~r

Eanhquakernagnnude

.

Fnlqure 6 The graph shows apparent correlatIOn between duration of a precursor and the magnitude
]: lC future earthqualte. .

2
| ’ : . ~2' ‘

Al




Look at ﬁgurve 6 as you answer the followmg

8. A certain precursor or unusual event lasted for
about three months and then started to go

back to normal After the precursor returned to
normal, a quake struck What might be its
magnitude? .

7

The normal velocity of waves through a rock had
been unusual for a long while Last week a
devastating quake occurred that had a magnitude
of 7 6 Your teacher explained that the points
plotted in Figure 5 are from a place in

New York The normal value from the time of the
S-wave divided by the time for the P-wave

1s about 175 Place your pencil on that value on
July 29 The values remain the same for a little
while and then decrease With a smooth line,
draw the a'pprOX|mate pattern for the decrease
and then return to normal some time later

Then notice when the quake occurs

9. For how many days was the value unusual?

, '

Now use Figure 6 to determine the magnitude of
the quake Write your answer both here and on
Figure 5 where it says M =

10. State the relationship, between the duration
of a precursor and the agnitude

Another precursor 1s unusual animal behavior
Eyewitness accounts’ of unusual animal"*
behavior preceding an earthquake have been

reported for centunes from all over the world

Studies of animal behavior are difficult to carry
out Al animals would have to be observed
cgnstantly for long penods of time in order to
d@cide what behavior 1s unusual

The Chiftese government has issued a list of
behaviors of animals before and during earth-
quakes

Some of the behaviors are that cattle or horses
refuse tO get into their corrals, rats run from their
hiding places, chickeas fly into trees, pigs

break out of their pens, ducks refuse4o go to water,
dogs bark for no obvious reason, snakes come
out of their winter hibernation, pigeons are
frightened and will not return to their nests, ,
rabbits jump or crash into things. and’fish

jump out of water as if frightened
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PART B Can you predict an earthquake’>

e AR R R T B ST RCTRO .~ ¥
- Now carefully consider all factors together.and
Mrité your predictions. .
?atenals none ) Next quake may occur in
ou are the director of an imaginary government
agency called the Bureau of Earthquake

li

years)
Its magnitude will be
Prediction, It 1s your job to analyze data andmake

(days, minutes,
decisions Your decision may affect the hves

Justification of prediction
of millions of people Your prediction may cause
people to leave the area. They will be angry
if no earthquakes occur. You may predict a small
quake, or one happening some time in the

future If you are wrang magy people may die.
Good tuck!

For each of the three simulations do the following
1. Read the data given In the description

2 Use the graphs or other mfor'na‘non from
PART A to come up with various guesses

3 Rouéhly average the values and l!smg your own
judgment. predict the magnitude of the

What action should you take? The following
are some of your alternatives
a
earthquake and the approximate range of time
in the future you think it wilt happen

Notify local officials to evacuate the people
b Notify local officials to secure homes
o]
Follow through the first example and fill in the d
data The second and third examples may be
P

Notify government agency for future action
Suggest that existing structures be

done using the same method; or another

if you prefer

strengthened

e Change building code for next few years
f Otherd(you,specify)
Shakeytown, California

. 4 A&snon
Residents of Shakeytown are used to quakes by
now They have rebuilt the town a ru

ber of -
times in the pasy The last quake occurred -
about a year ago Since then there has been one
instance of mild tremor People were awakened
last night by rabbits bumping into buildings
That activity has decreased today Tiit

€

meters have indicated an uplifted area of about
S4emn diameter What is your prediction?

R Data Layout
Categq'ry Observation Implication
tast q@ 1 year M= 4
any activity minor tremoy will decrease M
animal behawvior *

earthquake In
: 24-36 hours

uplhifted area

5 Km diameter

WW
'7




A ’
Crackintheground, Oregon : Muddywaters, California
A few kilometers away from this town a large Last year you made a prediction for the people
crack opened up during a qgake 10 years of thig city based on your observationsgAt, the
ago Since this time there has been no setsmic time you noted that the velocity of seismic
activity! Animals seem to be happy For e waves had been low for 2 Years The last quake
last thrée years there has been a shight bulging of was 20 years ago, and you did not have time
the ground in an area measuring 20 km across to measure uplift because you predicted a6 5
The town Is growing rapidly and large offices magnitude quaké to occur within a few weeks
and apartments are being buiit What is your There was great confusion and many peopte left
prediction? (Hint Don't use Figure 3 A guake did strike a few weeks later but tt
until you decide on a magnitude ) . wasonlyM =25 The people‘were angry Now you
. ’ have measured yplift again and fing the land
Data Layout - ) is still deformed over a eliameter of 1 km

Category " Observation Implication What 1s your new prediction?

(Hint fay out your data for both predictions and
consider them together )

-

"y

-7

Data Layout .
Category Observation , Imphication

Next quake may occur in’ (days* minutes,
years)

its magnitude will be

Justification of prediction . +
g* ~
Next quake’'may occur in — (days, minutes,
years)

Its magnitude will be

Justification of prediction

Action. ' Action




SUMMARY QUESTIONS
1. Where do most earthquakes accur on the
surfase of the eartn? !

<

2 Inan area of an active fault, if earthquakes
occur regularly. what can you say about the;
magnitude”? ) '

EXTENSION

You acxcvj your classrhates may want to make up
your dwn situations {not haphazardly, but

using tm;{graphs) and try to come up with an
accurate prediction.
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